I. Introduction
Ultrasonic propagation has traditionally been used as a test for high frequency dynamics. Using ultrasonic waves, it is possible to sense the molecular structure and motion in liquid polymer systems. The ultrasonic attenuation α is noticeably influenced by the chemical structure and can be associated with conformational changes of elements of the polymer chain of varying size. The past few decades have seen a dramatic rise in the applications of high -intensity, or power, ultrasound in chemistry, with a range of synthetic procedure and process methods having found to benefit. One of the beneficial applications of ultrasound is the polymer degradation especially considering the fact that there are no changes in the chemical nature of polymer and the reduction in molecular weight is simply by splitting the most susceptible chemical bond [1] . The study of molecular interactions in the polymer and solvent throws light on the processes involving polymer production and their uses [2] . In general, it can be said that ultrasonic irradiation does have a significant effect on polymers in terms of its mechanical, mechano -chemical and morphological properties. Many of the investigation have undertaken these studies qualitatively through ultrasonic velocity, density, adiabatic compressibility and viscometric data. The values of ultrasonic velocity (U), density () and viscosity () for the pure components is given in Table 1 . From the experimental values, a few acoustical parameters such as adiabatic compressibility (ß), acoustical impedance (Z), molar sound velocity (R), Wada's constant (W), molar volume (Vm), free volume (Vf), intermolecular free length (Lf), internal pressure (), absorption coefficient (/f2) viscous relaxation time (), degree of intermolecular attraction (), excess ultrasonic velocity (UE), excess adiabatic compressibility (ßE) , excess acoustical impedance (ZE), excess free length (LfE) and excess molar volume (VmE) were derived over the entire mole fraction range. Ultrasonic velocities have also been evaluated theoretically with the help of Impedance relation, Nomoto relation, Van Dael & Vangeel relation and Junjie relation. The suitability of these theories and equations were checked by comparing theoretical values of ultrasonic speeds with the values obtained experimentally. Literature survey showed that no measurements have been previously reported for the mixtures reported in this paper.
II. Materials And Methods
The chemicals used were of analytical grade and obtained from E.Merck company. Thermostatically controlled well-stirred water bath whose temperature was maintained to ±0.01 K accuracy was used for all the measurements. Binary mixtures were prepared by weighing in airtight bottles, the possible uncertainty in the concentration is estimated to be less than ±0.0001. Densities of pure components and their mixtures were determined by using a 1 X 10-5 m3 double arm pycnometer. The density values from triplicate replication at the temperature of 303 K were reproducible within  2 X 10-2 kg m-3. The uncertainty in density and excess molar volume values were found to be  4 X 10-2 kg m-3 and  0.001 X 10-6 m3 mol-1 respectively. Ostwald's viscometer having capacity of about 15 ml and the capillary having a length of about 90 mm and 0.5 mm internal diameter has been used to measure the flow times of pure liquids and liquid mixtures and it was calibrated with benzene (density  0.8738 g cm-3) and doubly distilled water (density  0.9970 g cm-3) at 303 K. The flow time of pure liquids and liquid mixtures were repeated for five times. The uncertainty of viscosity was  0.005 X 10 -3 m Pas. Speed of sound was measured by using a variable path, single crystal interferometer. (United scientific company, India), working at 2 MHz frequency. The interferometer was calibrated using toluene. Measurement of speed of sound through medium was based on the accurate determination of the wavelength of ultrasonic waves of known frequency produced by quartz crystal in the measuring cell. The interferometer cell was filled with the test liquid, and water was circulated around the measuring cell from a thermostat. The uncertainty was estimated to be 0.1ms-1. The adiabatic compressibility (ßs) was calculated by the equation ß = 1/ U2
(1) Where  is the density of mixture and U is the ultrasonic velocity of the mixture. The acoustical impedance (Z) was calculated by the equation, Z = U (2) Where  is the density of mixture and U is the ultrasonic velocity of the mixture. (7) b is a packing factor, R is a gas constant, Vf is free volume and T is temperature. The absorption coefficient was calculated by the equation (/f2) = (82/3U3) (8)  is viscosity of the mixture and  is the density of the mixture. The viscous relaxation time was calculated by the equation  = ( 4/3U2) (9)  is viscosity of the mixture and  is the density of the mixture. The degree of intermolecular attraction () was calculated by the equation  = (u2 / u2im) -1 (10) Where u2im =1/ {(x1M1 + x2M2)(x1/M1u12 + x2/M2u22)} The UE, ßE, ZE, LfE, and VmE were derived over the entire mole fraction range by using the general equation AE = A -(Xi A1 + (1-Xi) A2) (11) Where A is the corresponding parameters (U, ß, Z, Lf, and Vm) of mixxture and A1 and A2 are the corresponding pure component values. The percentage deviation of the experimental velocity from the theoretical value is given by the equation
III. Results And Discussion
The ultrasonic velocity, density and viscosity data for the pure components at 303 K are given below: Table 2 gives the measured and acoustic parameters such as ultrasonic velocities (U), density (), viscosity (), adiabatic compressibility (ß), acoustical impedence (Z), molar sound velocity (R), molar compressibility (W), molar volume (Vm), free volume (Vf), Table 3 gives the thermodynamic properties like intermolecular free length (Lf), internal pressure (), absorption coefficient (/f2), viscous relaxation time (), degree of intermolecular attraction (), Table 4 gives the excess parameters like excess ultrasonic velocity (UE), excess adiabatic compressibility (ßE) , excess acoustical impedance (ZE) , excess free length (LfE), excess molar volume (VmE), Table 5 In the present investigation, studies are made with different 0.2 % polyvinyl alcohol concentration with two different stabilizers zinc stearate and calcium stearate. Ethylene glycol is used as a plasticizer for the entire composition range. Ternary mixture is prepared using polyvinyl alcohol, stearate and ethylene glycol of different concentration and ultrasonic investigation is carried out. Polyvinyl alcohol unlike many polymers, is soluble in water. Ultrasonic methods have been used for the mechanical characterization of hydrogels by several researchers [3] . In the blends, the presence of chemically grafted units is of major importance in providing adhesion between the polymers. Interesting products can be formed from some polymers even without the requirement of a chemical graft, in such cases weaker secondary forces such as hydrogen bonds play a dominant part. Many experimental and theoretical methods have been used to investigate polymer -polymer compatibility and also the interactions between polymers [4] . Ultrasonic velocity, density and viscometric measurements may reveal various aspects of the compatibility of polymer blends in highly viscous or solid forms. It also pointed out that ultrasonic velocity varies linearly with composition in compatible polymer blends and nonlinearly in semicompatible and incompatible blends. Hence a combination of methods is generally used. Polyvinyl alcohol is used as an excellent film forming, emulsifying and adhesive properties. The water, which acts as a plasticiser, will then reduce its tensile strength, but increases its elongation and tear strength. PVA is fully degradable and is a quick dissolver. PVA has a melting point of 230°C and 180-190°C for the fully hydrolysed and partially hydrolysed grades, respectively. It decomposes rapidly above 200°C as it can undergo pyrolysis at high temperatures.
It can be that the ultrasonic velocity (U) is found to increase with increase in stearate concentration. Polyvinyl alcohol exhibits polyelectrolyte properties in solution, a flexible non -ionic polymer which obeys the classical Huggin's equation. It may be attributed to the mutual attraction of macromolecules in solution because of the increase of hydrodynamic and thermodynamic interaction. Linear variation in ultrasonic velocity for all concentration range reveals that greater specific interaction exists between polymer segments which may be due to hydrogen bonding. It also confirms that the solution forms miscible blend [5] . The force of attraction of polar groups across the solvating molecules provides scopes for further association leading to solute -solvent interaction [6] . Ethylene glycol is similar to water form 3D network of hydrogen bonds, strong association of glycol molecules in a liquid state is the reason of its high relatively high temperature of melting point and that of boiling point. Ethylene glycol is bidentate ligand when forming complex with transition metals [7] . Glycol molecules involved in first coordination sphere are additionally hydrogen bonded. Ethylene glycol is too small to be bent enough to form two coordination bonding with cation, such as zinc or calcium of stearate used in the present study. As ionic radius is large, it forms ionic pairs that are separated by solvent or hydrogen bonded to the network of ethylene glycol in the bulk [8] . It predicts stronger attraction between polymer, stearate and ethylene glycol by means of strong hydrogen bond. Comparing stearates, zinc stearate and calcium stearate shows only slight variation in polymer solution. The density values (ρ) increases with increase in stearate concentration and viscosity values () increases with increase in stearate that reveals the existence of intermolecular hydrogen bonding. Increase in viscosity predicts that molecules become less mobile in solution and velocity gradients around the collapsing bubbles to therefore become smaller, resulting in lower extents of viscosity reduction.
The adiabatic compressibility (β) decreases with increase in stearate concentration. Hydration effect decreases adiabatic compressibility which confirms the presence of strong solute -solvent interactions through dipole -dipole interactions of the hydroxyl group of glycol with water molecules [9] . A positive value of adiabatic compressibility shows weakening of the network of ethylene glycol molecules, hydrophobic when interactions with water. Hydrogen bonding between ethylene glycol elements with polyvinyl alcohol and stearate inside the network shows similar bonding could exist in liquid non -polymerized diols. The structure breaking effects is conserved in ethylene glycol, suggesting hydrophobicity of the solute -solvent interactions. This confirms the assumption expressed in introduction that water in polyvinyl alcohol solution and ethylene glycol are structurally similar and the process occurring when adding either zinc stearate or calcium stearate to them can be interpreted in similar manner. One or two ethylene glycol molecules form bridges linking either zinc or calcium ion, other glycols coordinate to this system in this typical way. Comparatively in addition of either zinc stearate or calcium stearate, similar decrease in trend is observed in all concentration range. Acoustic impedance (Z) increases linearly in addition of either zinc stearate or calcium stearate confirms the presence of molecular association between solute -solvent molecules through intermolecular hydrogen bonding. Rao's constant (R) and Wada's constant (W) increases linearly with increase in stearate concentration with ethylene glycol, indicates the presence of solute -solvent interaction and confirms the absence of complex formation [10] . Molar volume (Vm)shows constant value for entire stearate concentration range. The variation of free volume (Vf) decreases with increase in stearate concentration for 0.2 % PVA -Zn. St -EG systems and non linear variation is observed for 0.2% of PVA -Ca. St -EG system.
The intermolecular free length (Lf) also follows the same trend as that of adiabatic compressibility, the decrease in free length with increase in stearate concentration reveals the presence of strong interaction. According to Eyring liquid state theory, the acoustic wave which was excited in the fluid is transmitted momentarily to the intermolecular free length in the molecule having the spherical or symmetrical shape is short leading to a high speed of sound [11] . Internal pressure values (πi) increases with increase in stearate concentration for 0.2% PVA -Zn. St -EG systems. The reverse trend is observed for 0.2 % PVA -Ca. St -EG systems. Increase in internal pressure indicates association through hydrogen bonding suggesting the close packing of the molecules inside the shield, which may be brought about by the increasing magnitude of interaction [12] . The absorption coefficient values (α/f2) shows non linear variation, It increase and decrease with increase in stearate concentration for 0.2 % PVA -Zn. St -EG systems. Comparatively, 0.2 % PVA -Ca. St -EG systems, reverse trend is observed. In addition of either zinc stearate or calcium stearate to polyvinyl alcohol and ethylene glycol, calcium stearate shows greater absorption coefficient than zinc stearate. The values of relaxation time are calculated (τ) shows non linear variation for both the systems. For 0.2 % PVA -Zn. St -EG systems, it increases and decreases with increase in stearate concentration. The reverse trend is observed 0.2% PVA -Ca. St -EG systems. The interaction parameter value (α) increases with increase in stearate concentration [13] . Intermolecular attraction signifies that unlike interactions are relatively strong compared to like interactions. Comparatively addition of calcium stearate with polyvinyl alcohol and ethylene glycol shows greater α value compared than zinc stearate.
According to Fort and Moore, excess values are negative of unequal molecular size in which dispersion force are dominant but experimental data collected in the literature upto the present provide strong evidence that for mixture in which strong attractive interaction such as dipole -dipole, dipole -induced dipole, hydrogen bonding are likely to occur between the components [14] . The excess velocity shows negative deviation for 0.2 % PVA -Zn. St -EG systems, it shows positive deviation for 0.2 % PVA -Ca. St -EG systems. Negative deviation shows that dissociation of individual molecule and association of molecule by increasing rate of dissociation of like molecules. It may reveal the rupture of cohesion and growing adhesion between the components polyvinyl alcohol, stearates and ethylene glycol leading to stronger molecular interaction. Positive deviation of excess ultrasonic velocity confirms the existence of weak interaction. The presence of strong hydrogen bonding interactions between unlike molecules indicates negative deviation in excess parameters of adiabatic compressibility (βE) [15] . In 0.2% of PVA -Zn. St -EG system and PVA -Ca. St -EG system, excess adiabatic compressibility shows positive value at lower stearate concentration that indicates the presence of dispersive interactions. Positive deviation of compressibility from linear value suggests the presence of very low cohesive energy among the molecules which is possible only when two molecules combine together to form a single unit. In other words, in all these mixtures due to hydrogen bond formation predominates over the dipole association. As stearate concentration increases, it shows negative values that confirms greater molecular interaction among polyvinyl alcohol, stearate and ethylene glycol. The excess free length (LfE) also follows the same trend as that of excess adiabatic compressibility predicting that negative deviation shows the existence of strong interaction and positive deviation shows the presence of weak interaction. It was reported that the positive deviation is observed in excess impedance (ZE) indicates that interstitial accommodation [16] does not exist and it leads to strong molecular interaction between molecules through intermolecular hydrogen bonding. The excess molar volume (VME) is found to be negative for entire composition range with increase in stearate concentration. Excess molar volume arises due to the presence of difference in intermolecular interaction energy between like and unlike molecules, difference in size and shape of components, any structural changes on addition of second component, formation of new chemical species through hydrogen bonding or electron donor -acceptor interactions. Negative deviation explains the self dissociation and physical dipole -dipole interaction between the components which increases disorder of the breaking of ordered structure, predominates the loss in free volume. The sign reflects superposition of size effect upon another which causes contraction that may arise from disruption by mixing process of expanded dipole -dipole attraction. The restriction in rotational motion which arises when straight chain component liquid are accommodated interstitially within the ring structured.
It can be seen that the theoretical values of ultrasonic velocity computed by four theories shows deviation from experimental values. On mixing two or more components, molecular interaction takes place due to the presence of various chemical forces between solute and solvent molecules. Theoretical evaluation of ultrasonic velocity shows that the percentage variations is quite less in impedance relation, Nomoto's relation, Junjie relation and maximum negative deviation in Van Dael and Vangeel's relation. In all polymer concentration with increase in concentration of either zinc stearate or calcium stearate with ethylene glycol shows maximum negative deviation of roughly 200 in Van Dael and Vangeel relation. It reveals the presence of inter molecular hydrogen bonding in the mixture, between the hydroxyl group of ethylene glycol and PVA molecule incorporating either the zinc or calcium ion of stearate molecule in it.
IV. Conclusion
In the present investigation, 0.2 % polyvinyl alcohol solutions were employed along with either zinc stearate or calcium stearate and ethylene glycol. A systematic study of ternary mixtures of polyvinyl alcohol, stearate and ethylene glycol has been carried out at different stearate concentrations at 303 K. The aim of this investigation was to correlate this finding with liquid -solid -liquid mixtures. According to the results obtained, structure breaking character of ethylene glycol, too suggesting hydrophobicity of solute -solvent interactions causing destruction of water in polyvinyl alcohol, the broken water molecules enter the vacant space of EG and thus get trapped. It reveals the presence of strong solute -solvent interaction due to hydrogen bonding between ethylene glycol and polyvinyl alcohol, by trapping the metal cation of stearate within them leading to compact structure. Thus locally the structure becomes more open frame work. This confirms the assumption expressed in introduction that water in polyvinyl alcohol and ethylene glycol are structurally similar and the processes occurring when adding stearate to them can be interpreted in a similar manner. Comparing the effect of addition of stearates to polymer and plasticizer, calcium stearate shows maximum molecular interaction than zinc stearate. It is evident from the calculated negative excess values in UE, βE, Lf E, VmE and positive values in ZE, that strong intermolecular hydrogen bonding exists between polyvinyl alcohol, stearate and ethylene glycol with increase in polymer and stearate concentration. From the computed theoretical velocity calculations, least deviation is found in Impedance, Nomoto, Junjie relation and maximum negative deviation is observed in Van Dael and Vangeel relation which confirms the existence of strong intermolecular hydrogen bonding.
